tin-carbon bond, formation of Sn(OMe),. R'H, and the ylide 10 in almost quantitative
ScdiI, 20 = 4.58-46.94 . ( -9 5 h 5 0 : -21 5 k 5 1 9 : -2451524) 9961 reflections were measured, of which 9276 were independent reflections. and 9253 of these were used for the structure analysis [12b] by using direct methods and for the structure refinement [12c] . The structure was refined by using the least squares method on F z with 963 independent parameters to an R , value ( I > 2 n I ) of 0 0783 Residual electron density = + 0.90 and -2.53 e k ' . The program was used for the graphical depiction of the structure. Further details of the crystal structure investigation may be obtained from the Fachinformationszentrum Karlsruhe. D-76344 Eggenstein-Leopoldshafen (FRG) on quoting the depository number CSD-57785, the names of the authors. and the journal citation. The bond lengths of the second molecule in the unit cell of8 differ only slightly from those discussed in the text. S n L C 3 9 2.14(2), Sn2--C41 2.27 (2) . P2-C39 1.76 (2) . C39-C40 1.39(2) (correspondingtoSnl-Cl.SnI-C3.P1-Cl.Cl-C2in Fig. 1 ) . 1naddition.anX-ray structure analyaia was performed on a second crystal of8 at room temperature. The distances and angles determined agreed with those described here: b) PC Despite its great synthetic potential the hetero-ene reaction of unactivated imines" 31 has remained relatively unexplored in comparison to the carbonyl -ene reactioni4] which has been investigated intensively for years. In addition, the intramolecular type I imino-ene reaction seems particularly suitable for the synthesis of alkaloids, since in this reaction a ring is formed in one step stereoselectively, and simultaneously two neighboring stereocenters are constructed, to one of which a n N atom is bound. We have thus concerned ourselves with the question of the extent to which diastereoselectively substituted indolizidines and quinolizi- dines can be constructed with such hetero-ene reactions[61 particularly in view of the fact that a range of these alkaloid derivatives are effective glucosidase inhibitors ['] and are thus of increasing interest because of their Anti-HIV activity.
['] In the following we report on a new intramolecular Lewis acid catalyzed iminoene reaction for the diastereoselective construction of 7-alkenyl-8-amino-substituted indolizidines and 2-alkyl-1-amino-substituted quinolizidines. In this reaction the relative configuration of the two newly formed stereocenters can be controlled by the choice of Lewis acid. The reaction of ( -)-(S)-N-[N-(4-methyl-3-pentenyl)pyrrolidine-2-methylidene]benzylamine (I) with FeCI, affords three stereoisomeric indolizidines in a ratio of 90.3:7.0:2.7 (Scheme I , Table 1 ). After chromatographic purification the main showed that one benzylideneamino group is bound to the indolizidine framework of 4 at position 8 and one isopropyl group at position 7; however, the unequivocal stereochemical assignment of 4 was only achieved after its transformation into the N-acetyl derivative 6 (Scheme 2). For this, first a hydrogenolysis in the presence of PdC1, was carried out on the imine 4,[121 the resulting product was then acetylated with acetic anhydride. The vicinal coupling constants for H-8 obtained from the 'H NMR spectrum of 6 (Table 2) clearly show the all-cis arrangement of H-8 a, H-8, and H-7. This arrangement was confirmed by a NOESY exper- Table 2 . Selected spectroscopic and analytical data of the indolizidines.
5
Scheme I room tenipcrature.
Cyclication of 1. Reaction conditions: 2.5 equiv Lewis acid. CH,CI,, If. however, TiC1, is used as Lewis acid, the isomeric ratio was altered completely (Table l) , and an additional indolizidine 5 was also formed.
["] As a result of the X-ray structure analysis.[' product 2 can be assigned unambiguously to the all-trans configuration shown in Scheme 1. NMR spectroscopic investigations (7) iment, in which a nuclear Overhauser effect (NOE) was observed between H-Xa and H-8 and also between H-8 and H-7. The application of the same hydrogenation/hydrogenolysis/acetylation sequence on 2 yielded the diastereomeric N-acetyl product 7, whose vicinal coupling constants of H-8 confirm the all-trans configuration of 4. Although, the stereochemical configuration of the two by-products 3 and 5 could not be elucidated unambiguously, the assignment made according to Scheme 1 is supported by the mass spectra of 3 and 5. The mass spectrum of 3
(C-o. C-p), 69.3 (C-8). 68.9 (C-8a). 54.4 (C-3). 53.5 (C-5). 49.2 (C-7). 29.2 (C-9). 26.2 (C-1). 25.7 (C-6). 21.3 (C-2). 21 .0 (C-ll), 20.3 (C-12);GC-MS (El. 70 eV): m:: ( O h ) : 270 (9) [M']. 227 (23). 201 (5). 18( 3 ) , 173 (10) 167 (22). 158 (100). 122 (39), 110 (9). Y l (19). 84 (16)
shows an almost identical fragmentation pattern and comparable intensities to that of 2; accordingly, the spectrum of 5 is extremely similar to that of 4. The formation of the products 2 and 3 can
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be explained by an intramolecular type I hetero-ene reaction (Scheme 3). An alternative multistep mechanism is also conceivable, in which at first the alkene attacks the initially formed iminium ion 9 leading to the formation of the carbenium ions
l5]
Starting from 10 either a reprotonation via 11, leading to the benzylamines 2 and 3, or a hydride shift takes place to give the benzyl cation 12, from which the imines 4 and 5 are formed after the elimination of the Lewis acid. The stereochemistry of the cyclization products 2-5 indicates that the competing pathways of reprotonation or hydride shift depend on the relative configuration at C-7jC-8 of the carbenium ion 10, that is. a hydride shift is only favored when the benzyl and the isopropyl group (C-7/C-8-cis) lie in close proximity to each other. However, so Far we have not found a reasonable explanation for why the two Lewis acids FeCI, and TiCI, react so differently with regard to the stereochemistry of the ring closure. The different coordination geometry of the two Lewis acids cannot be the reason, since other Lewis acids, for example SnCI,, show isomeric ratios comparable to the FeCI, case. A similar dependence of the diastereoselectivity on the Lewis acid used is also observed for the analogous reaction of racemic piperidine carbaldimine 13 to give the quinolizidines 14-16 (Scheme 4). Other products were not observed, and the diastereoselectivities are significantly lower than those for the corresponding indolizidines (Table 3) . [a] Reaction conditions see Table 1 , footnote [a] . Regardless of the mechanisms discussed above. the hetero-ene reactions of 1 and 13 described here provide a simple and diastereoselective access to x-amino-functionalized indolizidines and quinolizidines, respectively, which opens new perspectives in natural product chemistry.
Experimental Procedure
To an ice-cooled solution of imine 1 or 13 (1.00 mmol) in dry CH,CI, (28 mL). Lewis acid (2.5mmol: FeCI, : 1Oc (7R, 8.9, 8aS) [lOd (7.5 8R, 8aS) ]
Scheme 3. Possible reaction mechanisms for the formation of the products 2-5.
CH,CI,) was added dropwise over 30 min. and the resulting mixture was stirred at room temperature. Following complete conversion (GC control) the mixture was hydrolyzed by addition of 2~ NaOH and extracted three times with CH,CI, (100 mL). After the organic phase had been dried over MgSO, and concentrated. the crude product was purified by flash chromatography (silica gel, hexane/ethyl acetate/triethylamine 79: 16: 5). Anjirw. C'hsm. I n / . Ed. Engl. 1994, 33. No. 4 form the highest symmetry coordination polyhedra of the possible structural alternatives (trigonal bipyramid vs. square pyramid ; pentagonal bipyramid vs. capped octahedron; square antiprism vs. trigonal dodecahedron) .
['] The highest symmetry may be defined as that which requires the smallest number of parameters for its complete description. In the case of CN = 7 this principle of the highest possible symmetry clearly dominates, and the greater ligand -1igand repulsions of this coordination polyhedron are alleviated through small systematic deviations from the ideal D,, structure ("ring puckering"). To clarify this problem we have investigated the structures of the anions MoF; and WF;. The influence of the lattice energy on the structures of these anions should be precluded by variation of the countercations. MoF, and WF, are known to form complexes with fluorides which, according to their elemental analyses. have the compositions MF; and M F i -(M = Mo, W) .["I Reliable structure information on these, however, does not exist.
The complexes Cs' MoF; and Cs'WF; are formed from the reaction of CsF with an excess of MoF, and WF,. respectively. The colorless salts recrystallize well from acetonitrile. Crystal structure analyses showed that both salts have isotypic structures in which the anions take the form of capped octahedra (Fig. 1 ) [**I This work was supported by the Deutsche Forschungsgemeinschaft and the Fig. 1 . The structure of the MoF; ion in Cs+ MoF;. Left: view along the threefold axis; right: view perpendicular to the C, axis (ORTEP representation with thermal ellipsoids at the 50% probability level). The structure o f the anions i n Cs' WF; and in the other hexafluoromolybdates(1v) are qualitatively the same.
system which coincides with the symmetry axis of the anion. Thus, the structure of the anion could be dictated by the crystal system itself. To clarify this we synthesized N0:MoF; from the reaction between NO,F and MoF,, obtained single crystals, and examined the salt by X-ray cry~taHography.[~ The compound crystallizes as NOTMoF;.CH,CN. The MoF; ion has
